OBJECTIVE: It is important to determine what values of simple anthropometric measurements are associated with the presence of adverse cardiovascular risk factors such as diabetes or hypertension to provide an indication for further detailed investigations. In this analysis, we aimed to assess which anthropometric cutoff values are best at predicting the likelihood of diabetes, hypertension, dyslipidaemia and albuminuria in Hong Kong Chinese. DESIGN AND SETTING: The data were obtained from a previously reported prevalence survey for glucose intolerance in a representative Hong Kong Chinese working population. SUBJECTS: 1513 subjects (910 men and 603 women) with mean age AE s.d. 37.5 AE 9.2 y. MEASUREMENTS: We examined the likelihood ratios of having diabetes, hypertension, dyslipidaemia and albuminuria in subjects with various cutoff values of the four simple anthropometric indexes, namely, body mass index, waisthip ratio, waist circumference and the ratio of waist-to-height. RESULTS: We developed a nomogram to show the predictive values of different indexes for the cardiovascular risk factors using likelihood ratio analysis. Using Caucasian mean levels of the simple anthropometric indexes to predict diabetes or hypertension in Hong Kong Chinese gave a high likelihood ratio of 2:3:5. CONCLUSION: Higher levels of body mass index, waist-hip ratio, waist circumference and the ratio of waist-to-height are associated with risk of having diabetes mellitus or hypertension in Hong Kong Chinese as in Caucasians. However, the cutoff values of those anthropometric indexes to de®ne obesity used in Caucasians may not be applicable to Chinese.
Introduction
Obesity is an important predictor of cardiovascular death 1,2 partly due to its close associations with increased prevalence of hypertension (HT), diabetes mellitus (DM) and dyslipidaemia. 3 ± 7 Body mass index (BMI), waist-hip ratio (WHR) and waist circumference (WC) are all useful anthropometric indexes and provide important information on cardiovascular risks. However, the relative predictive values of these indexes for obesity and cardiovascular risk remain controversial. Some workers have shown that WC was more superior in predicting cardiovascular risks than other measurements. 8 ± 10 More recently, the waist-to-height (WTH) ratio had been shown to have better predictive value than WC alone. 11 Apart from these associations between obesity indexes and cardiovascular risks, it is also important to de®ne the cutoff values of an individual index to allow effective screening. For example, in Caucasians, obesity is often de®ned as a BMI ! 27 ± 30 kgam 2 in both men and women or a WC of 94 cm in men and 80 cm in women. 12 ± 14 However, these de®nitions cannot be readily applied to Asians who often have smaller body frames than Caucasians. It is important from the public health perspective to determine what values of simple anthropometric measurements are associated with the presence of adverse cardiovascular risk factors such as diabetes, hypertension of dyslipidaemia, to provide an indication for further detailed investigations.
In this analysis based on a population-based survey for cardiovascular risks in Hong Kong Chinese, 10 we examined the likelihood ratios (LR) of having DM, HT, dyslipidaemia and albuminuria in subjects with various cutoff values of the four simple anthropometric indexes, namely, BMI, WHR, WC and WTH. We aimed to assess the effect of different anthropometric cutoff on the risk of DM, HT, dyslipidaemia and albuminuria in Hong Kong Chinese.
Patients and methods
The data are obtained from a previously published survey for anthropometric indexes and cardiovascular risk in Hong Kong Chinese working population. 10 There were 1513 subjects (910 men, 603 women). All subjects were employees from two worksites of a major public utility company and a regional hospital, including all occupational groups from managers to labourers. The distribution of occupational groups in these subjects was similar to that recorded in the Hong Kong Census (1991) and was representative of the Hong Kong working population. 10 The methodology has been described in detail previously. 10 In brief, all subjects attended their worksites after an overnight fast. Demographic data were documented and height and weight (measured to the nearest 0.1 kg) were measured with the subject in light clothing without shoes. Body mass index was calculated as the weight (kg) divided by the square of the height (m). Waist circumference was taken as the minimum circumference between the umbilicus and xiphoid process and measured to the nearest 0.5 cm. Hip circumference was measured as the maximum circumference around the buttocks posteriorly and the symphysis pubis anteriorly and measured to the nearest 0.5 cm. Waist-hip-ratio (WHR) and waist-to-height ratio (WTH) were then calculated. After at least 5 min of sitting, blood pressure (BP) was measured in the right arm by the same research nurse using a standard mercury sphygmomanometer. The Korotkoff sound V was taken as the diastolic BP. The mean value of two readings measured one minute apart was used.
Blood was taken after a 12 h fast for measurement of plasma glucose (PG), total cholesterol (TC), fasting triglyceride (TG) and high-density lipoprotein cholesterol (HDL). All subjects underwent a 75-gram oral glucose tolerance test (OGTT). A random spot urine sample was collected for the measurement of urine albumin concentration (Ualb). The various laboratory assays have been described previously. 10 In the present analysis, the WHO criteria were used to diagnose diabetes. 15 Diabetes was de®ned as a fasting PG ! 7.8 mmolaL andaor 2-h PG ! 11.1 mmolaL. 15 They are all type 2 diabetes in view of the absence of any history of diabetic ketoacidosis. Hypertension was de®ned as a systolic BP ! 140 mmHg andaor diastolic BP ! 90 mmHg. 16 Dyslipidaemia was considered to be present if plasma total cholesterol ! 5.2 mmolaL andaor fasting triglyceride ! 2.3 mmolaL andaor HDL-C`0.9 mmolaL. 17 Increased albuminuria was de®ned as a random spot urinary albumin concentration ! 20 mgaL. 18 
Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (version 6.0) software on an IBM compatible computer. All results are expressed as meanAE s.d. or percentage where appropriate. The optimal sensitivity and speci®city of using various cutoff values of BMI, WHR, WC and WTH to predict diabetes, hypertension, dyslipidaemia or albuminuria were examined by the receiver operating characteristic curve (ROC) analysis. 19, 20 ROC curves were plotted using measures of sensitivity and speci®city based on various anthropometric cutoff values. The ROC curve analysis allows visual evaluation of the trade-offs between sensitivity and speci®city associated with different values of the test result. 19, 20 The optimal sensitivity and speci®city were the values yielding maximum sums from the ROC curves. The Student's t-test and chi-square tests were used for between group comparisons where appropriate. Ageadjusted partial correlation coef®cients were used to test the associations amongst the four anthropometric indexes.
The likelihood ratio (LR) was calculated to estimate the odds of having diabetes, hypertension, dyslipidaemia or albuminuria in subjects with different cutoff values of the anthropometric indexes. 21 LR is de®ned as sensitivitya(1-speci®city). The sensitivity and speci®city of having diabetes etc at various anthropometric cutoff values were calculated using the whole population of 1513 subjects classi®ed with reference to each cutoff level and hence the corresponding LR was derived. According to Simel et al, since LR refers to actual test results before disease status is known, they are more immediately useful to clinicians than sensitivity and speci®city. 21 Multiple stepwise logistic regression analysis was used to examine the independent relationship between the four anthropometric indexes and the odds ratio of having DM, HT, dyslipidaemia or albuminuria. A P-value`0.05 (2-tailed) was considered to be signi®cant.
Results
Of the 1513 subjects, 910 were men and 603 were women. Their anthropometric indexes, prevalence of DM,HT, dyslipidaemia and albuminuria are summarised in Table 1 . Men were older, had higher WC, WHR and prevalence of HT, dyslipidaemia and albuminuria than women. There were close associations amongst the four anthropometric indexes of BMI, WC,WHR, WTH, as shown by the age-adjusted partial correlation coef®cients. (Table 2) . Table 3 summarises the optimal cutoff values of various anthropometric indexes to predict DM, HT, dyslipidaemia or albuminuria using the ROC analysis. The optimal BMI cutoff to predict DM, HT, dyslipidaemia or albuminuria varied from 23.0 ± 24.3 kgam 2 in both men and women. The optimal WHR cutoff varied from 0.87 ± 0.91 men and 0.80 ± 0.84 in women; the optimal WC cutoff varied from 80 ± 84 cm in men and 75 ± 78 cm in women; and the optimal WTH cutoff varied from 48 ± 51 cm in both men and women. Table 4 summarises the independent relationships between these four anthropometric indexes and the relative risk of having DM, HT, dyslipidaemia or albuminuria using multiple stepwise logistic regression analysis. WHR andaor WTH are independently associated with DM or HT while all four anthropometric indexes are associated with dyslipidaemia or albuminuria in either men or women. An increase of the anthropometric indexes of one unit (1 kgam 2 in BMI, 0.01 in WHR, 1 cm in WC or 1 in WTH) results in a 1.05-to 1.27-fold increased likelihood of having DM, HT, dyslipidaemia or albuminuria except in the case of dyslipidaemia in men, BMI gives a decreased likelihood. The proportion of variance (Nagelkerke Ð R 2 ) of the anthropometric indexes accounting for DM,HT, dyslipidaemia or albuminuria is relatively small Ð up to 14% in men and 26% in women. This is compatible with the fact that these diseases are heterogeneous and multifactorial, and obesity is only part of the underlying causes. 6, 10, 24 Recently, the waist-to-height (WTH) ratio has been suggested to be another useful predictor of cardiovascular risk. 11 
Prediction of hypertension etc using anthropometric indexes CTC Ko et al
In the present analysis, we found close associations amongst all these four anthropometric indexes. Using multiple regression analysis, WHR and WTH were selected as the main predictors for DM and HT in both men and women. On the other hand, all four indexes provided useful information on dyslipidaemia and albuminuria. However, our results need to be interpreted with caution since the population is limited to those who are of working age.
In the west, a BMI ! 27 kgam 2 is often used to de®ne obesity. Using this de®nition, 33% of US adults are considered to be overweight. 12 In one recent UK study conducted by Lean et al, 14 the mean WHR and WC in men were 0.93 and 93.3 cm, and in women, 0.80 and 82.0 cm, respectively. This is compared to a mean value of 0.87 for WHR and 90.8 cm for WC in Chinese men and 0.80 and 74.9 cm respectively for Chinese women, as shown in this study and our previous analysis. 10 Using a WHR of ! 0.95 for men and ! 0.80 for women as cutoff values as suggested by Lean et al, 37.6% of men and 48.2% of women in the UK are centrally obese. 14 This is compared to 9.3% of men and 48.1% of women in our study using the same de®nitions. 10 Similarly, using a WC of ! 94 cm for men and ! 80 cm for women as cutoff values according to Lean et al, 46.7% of men and 50.9% of women in the UK, 14 as compared to 4.5% of men and 25.5% of women in our study are centrally obese. 10 Using these comparisons, it is obvious that if Western de®nitions of obesity are used in Asian populations, the latter are often considered to be non-obese. Yet, there is now a wealth of data showing that the prevalence of DM and HT are reaching epidemic proportions in Asians. In migrant studies, the prevalence of these conditions is often higher in Asian than indigenous populations living in western countries, despite less degree of obesity. 27 In 1990, the prevalence of DM in Hong Kong was reported to be 4.5% using the 1985 WHO criteria. 28 In 1996, this has increased to 9.5% and 9.8% in Hong Kong Chinese men and women respectively. 29 This prevalence can be compared to that of 5 ± 10% as reported in Europe and the USA. 15 The recent NHANES III data indicated that diabetes (diagnosed and undiagnosed combined) affects 7.8% of adults ! 20 y of age in the US. 30 As in most studies, obesity is a strong predictor for DM and related disease such as HT, dyslipidaemia and albuminuria in Hong Kong Chinese. 6, 10, 31 The use of a simple anthropometric index to identify high risk subjects will be of value in the primary prevention of these prevalent but preventable and treatable conditions. In this analysis, we used the ROC analysis to de®ne the optimal cutoff values of these four anthropometric indexes, all of which can be easily measured, to predict DM, HT, dyslipidaemia or albuminuria. We also developed a nomogram to show the predictive values of different indexes for these cardiovascular risk factors using likelihood ratio analysis. As shown in ®gures 1 to 4, if we choose a LR of 2.5 or above to identify high-risk subjects, in the case of diabetes, the corresponding cutoff values of BMI was 29. Table 3 ) correspond to a LR of around 1.5. Normal or low risk of DM or HT in Hong Kong Chinese is associated with a much lower BMI cutoff than in Caucasians.
On the other hand, the present analysis showed that using Caucasian mean levels of WHR (0.93 for men and 0.80 for women) to predict DM or HT in Hong In this analysis, dyslipidaemia and albuminuria did not show as good an association with the anthropometric indexes as hypertension and diabetes. In accordance with this, blood pressure and plasma glucose measurement is usually the initial screening, followed by plasma lipid levels and urine albumin, on cardiovascular risk in asymptomatic obese subjects. Concerning which of the four anthropometric indexes is better' than the others, the BMI and WHR are widely used and there is ample evidence, including the present analysis, suggesting that BMI and WHR are closely associated with various cardiovascular risk factors. However, it also seems that all four indexes are useful and appears to complement one another.
Conclusion
Higher levels of body mass index, waist-hip ratio, waist circumference and the ratio of waist-to-height are associated with risk of having diabetes mellitus or hypertension in Hong Kong Chinese as in Caucasians. However the cutoff values of those anthropometric indexes to de®ne obesity used in Caucasians may not be applicable to Chinese. Larger scale communitybased study is needed to clarify the discrepancy.
